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ABSTRACT  This article summarizes the development of 
background limited infrared detection systems outside China, 
describing a number of infrared space detection systems.  It 
primarily introduces long wave infrared focal plane array 
technologies.  Finally, it putt forward our proposals. 
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I.  INTRODUCTION 

In the vast spaces of the earth's outer atmosphere, there 
are several thousand military satellites silently carrying out 
such work as reconnaissance, communications, navigation, maP 
makinq, and so on.  In the not distant future, outer space will 
see the appearance of space based kinetic energy weapons, space 
based laser weapons, and other strategic weapons.  Moreover, the 
military" activities of mankind will also break through the range 
of the atmosphere.  Future wars will unfold m outer space and 
deep space?  The weapons of space warfare include kinetic energy 
weapons? directed energy weapons, and strategic ballistic 
missills.  The targets of space warfare include various types of 
™t??tarv satellites, space weapons platforms, and strategic 

™r  Similar"o conventional war, in space war, there is also a 
War.        aliullal    L-u   UUUV^UK j-•        j. mV,;-    i c    a    rmp»Qi-"lon   of   who question of who discovers whom first.  This is a 3u^i°n °£ wn 
first siezes the initiative.  Moreover, the key to sxezing the 
tnit-ia-Hve lies in detection systems.  At the present rime, 
oStside of China, use is made for the most part of background 
limited infrared detection systems m space.  This article 
iiSiaSzis the development of background limited infrared 
SerSction systems outside China. -As examples, it raises 
fevefopmen/cases associated with foreign space «frexed^ 

ttllulTf  £f £ hnolorgeierrassociafed with background limited 
de?ec?ion.  Finally, it puts forward our recommendations. 

II   SPACE INFRARED DETECTION SYSTEM DEVELOPMENT [1-6] 

milltI„ytnrx950°rtne U.S. started antisatellite research and 

deveio men ^  Xn „7,, ^Sect^theliring4 f rom Ul 

^hter^pfanef of       mind veh g - ^LS^ 
(MHV).  These are kinetic energy KIII        y g use 

^Slerrarellaced ff AcA^ I  teiescopes.  Right 



behind are microprocessors and laser gyroscopes.  Outside the 
cylinder are installed 5 6 small cylinder shaped solid hydrazine 
pulse motors.  After MHV separate from carrier rockets, they 
rotate at a speed of 20 turns a minute.  8 infrared telescopes 
are capable—against the background of extremely low temperature 
space—of gathering the infrared radiation of targets into long 
wave infrared detection devices.  As a result, line of sight 
information supplied with regard to targets and_interception 
devices—through laser gyroscope supplied inertial datums and 
microprocessor calculations—send out guidance commands to 
control the timely firing of 56 solid pulse motors to produce 
thrusts in order to collide with targets at relative velocities 
exceedina 10km a second. . 

The main path of antisatellite development in the former 
Soviet Union is using satellites to counter satellites, 
beginning in 1968, the Soviet Union utilized -CoBmoB-doBignatxon 
satellites to enter into orbits relatively close to target 
satellites.  After that, maneuvers were carried out to change 
orbit  After it approaches the target satellite, the terminal 
Sdance system of the "Cosmos" satellite locks on to the target, 
guidance system ui/-"«       qatpiiite is auided, tracking and in c™3unctlonwxth this, the satellite xsg ^^ ^^ 

Seslroyln 9th-eetasgefsatemtey' Tests after 1976 opt forth. 
USe l.f^rltarwirfprojfct^sKrSVa target surveillance, 
acgaistion'; tracing anS ^«E^.'™,^-»^ 
^Ictr:ne?ec?Sr^ager^eide t? icaticn and related optical 
system and signal processing technology Orbit J^ltudeB 

fatSliltes^tre Ä£ 0 t     °d  f  the « U - 

^^SBB^l £S??hihih^ section  of  trajectories,      xu  ^   J i n-t-erceDtion  systems, 

tptlcaHguipment,^^^^^ 
and high capacity information pr.= ^ems  ™^e ^s a 

SSiTSf ^^resoiutlofiriUoraSo
Eacrion range is 

17000km. .  „nnsideration of such areas as in recent years, the U.S.—in consiaerarion 
J „ = -pl+-t7 haq already canceled the bbib project-, 

expense and safety .^ alreaay eye (BE) detection satellite, replacing it with ^e brilliant eye (     ^ ^^ Qf  sgTS 
The dimensions of BE satellites are on y     original SSTS 

satellites.  BE sf ^Xlt^w^f \he number of BE^atellites is 
satellite was 18 tons.  However^the^ detection       in the 
50 ■ 70.  BE satellites d «   *   defend against limited 
ll£llPZ°ltt*2  arfiSstaned^uitfplftypes of detection 
devices'sucn as long wave infrared, ultra long wave infrared, 



medium wave infrared, short wave infrared, visible light, 
ultraviolet ray, and so on.  According to designs at the present 
time use will be made of coaxial long wave/ultra long wave 
te^scSpes as well as visible light/medium infrared off axxs 
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adulterated detector arrays.  They operate in the two wave bands 
of 8 ■ 14 /zm and 16 > 20 /an and are liquid nitrogen cooled.  The 
interception system outside the atmosphere (ERIS) is a further 
improvement and development of HOE interceptors.  They are used 
fo? intercepts in the middle section of trajectories m orderte 
facilitate the destruction of attacking missiles before they have 
enured the atmosphere.  ERIS opts for the use of tellurium 
cadmium mercury detectors.  It operates at the temperature of 
liouid^nitrogen and can be cooled more easily than silicon /462 

matching, it distinguishes> very well ^^JeC°leal  and false 
in warheads, there is a threat target dia^an.  K      missiles, 
targets are a certain dist^ce *J°™ f^/^ type optical image 
Ion! wave infrared homing ^^^^„^s on the missile compare 
telescopes take target pagery.  Computers on searching 
the target imagery gained and t arge t thr ^   ^.^ the 
out the real warhead targets.  in t    known.  In the second 
target and decoy positions wer®/^eady Kn°there was failure 
ERIS intercept flight ^ on 11 May 19 91  tn   ^     ^.^ ERJS 

because of telemetry malfunctions.  On i    carried out in a 

suborbital flighVn^er=??nr, or a'decoy balloon was not known 
situation where the location of a *|c£y D  lea8e Df the balloon 
before hand. . Due to the ^xon of the rel^ ^.^ devi  ing 
decoy being in error, it ed to "e in    t> ^ ^ hj_t the 
from the simulated nuclear warhead 2 ■ J m      clearly 
target.  Even though it ^g^^Sr iieeileB are.capable of 
indicate, however, that ERIS inter  p      junction with this, distinguishing warheads and decoys       gj 
they are able to successiuxj-y 
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Fig.2     EXter»al  FoOT and Structura!  Diagra» of  BrilUant Eye   (BE> 

Satellite 
Key,  (1)  LongWavelnfraredandültraLo^ 

Axial Telescope  (2)  ?°ve£j*£ ^4)  Visible Light and Medium 
Rpam amplifier and Aiming Device  <*; 
?nSar^d Off Axis Type Telescope 

^i^v -t-o Hpstrov hostile military On space battlefields, xn order to^destroy ^    ^^ 
satellited, space based weapons platfonn^^.^^ ^ ^ 
mirrors, as well as ^rategic baiii       istion, and tracking 
there is a need ^target monitoz^'     wSap0ns or ballistic 
systems.  Use is made of *""*?£ en wg*n they arrive at 
missiles to act ^/^f^f0-^ is necessary to opt for the use 
predesignated pointß "> spac«; £ol ieB, guaranteeing guidance 
Sf homing te^^f destruction of targets.  Although radars, 

äL^^ä^ «-by people in the 



(military for long periods, are the most mature.  In space 
applications, infrared detection systems not only possess good 
passive detection concealment characteristics as well as such 
advantages as high resolution and easy minaturization, but, in 
states of ultra high vaccuum, they are capable of all weather 
operation.  In particular, background temperatures associated 
with space are very low.  It is possible to make use of infrared 
detection devices associated with background limited performance 
to carry out detection against long range space targets. 

Military satellite orbit altitudes are generally 300 ■ 
1000km.  The altitudes of orbits associated with space based 
weapons platforms and laser weapon combat mirrors are 800 ■ 
1000km.  On the basis of a number of empirically measured data 
and roughly calculated estimates, the range of temperature 
chanqes associated with them is an approximate high of 360k and 
an approximate low of 145k.  The temperatures_associated with 
strategic ballistic missiles located in the middle section of 
trajectories also do not go out of this range.  Taking these 
taraets and looking at them as gray bodies, by the Wien 
disDlacement law, it is possible to estimate that what they are 
sendinroutis long wave infrared radiation with a wave length of 
sending our is x  y necessary to make use of long wave 
LfrarerdetecSn^ices!  Only the£ is it possible to detect 

SPaCeinrrlred'nonimagery guidance takes targets and turns them 
into a Point source, opting for the use of single variable 
tnfrared detection devices making-use of radiated temperature 
difrerlnces between targets and background in order to acquire 
tnltrtcl taraets       Thii type of guidance technology is already 
widelv Ssed 2 air to air missiles and ground to air missiles. 
Tn??aLd imaqery guidance is capable of being divided into two 
cataqories  One SJpe is multiple unit infrared detection device 

E    n^ 

detection device as well as processing circuits and integrates 
oner og ther on an optical syste.Jo»l Pl-n.^ °^ing°sa*es a 

satellites.1  The tlrgefidentiftcation  capabilities  and guidance 
precisions  associated with  infrared focal plane  array   (FPA) 



U.S. military not only thinks of using FPA imagery guidance in 
antitank systems, fighter aircraft, and armed helicopters»  They 
also will use it in space based defense systems. 

The U.S. ground surveillance and tracking system (GSTS) is 
one type of long wave infrared (LWIR) surveillance detection 
device.  It is one part of the strategic defense system (SDS). 
GSTS is composed of detection devices, common use processors, 
guidance and detection subsystems, as well as communications 
subsystems.  In it, detection devices are composed of telescopes. 
Telescopes take incoming electromagnetic radiation and focus it 
on a focal plane.  Moreover, the focal plane is composed of 
several thousand individual detection elements.  Detection 
elements (long wave infrared) take electrical signals and convert 
them into forms associated with appropriate common use 
processors.  Detection devices are surrounded by deep cooling 
systems in order to facilitate maintaining their temperatures 
within required combat ranges.  The functions of GSTS are search, 
acquisition, tracking, and target identification.  In conjunction 
with this, data on detected attacking ballistic missiles is 
transmited to battle management, command, control, and 
communications (BM/C3) systems of SDS.  It is capable of tracking 
incoming missile warheads in the middle phase and early final 
phase.  At the same time, it is also capable of distiguishmg 
warheads, defense penetration systems, and space junk. 

From the above, it can be seen that space infrared systems 
opting for the use of long wave infrared focal plane array 
imagery guidance heads is appropriate. 

III.  BACKGROUND LIMITED INFRARED DETECTION AND RELATED 
TECHNOLOGIES [7"12] 

Infrared detection devices are instruments that take 
incident infrared radiation signals and convert them into 
electrical signal outputs.  They are detection components of 
infrared focal plane arrays.  When targets are detected in space, 
due to the fact that they are located in an ultra high vaccuum, 
problems with atmospheric absorption do not exist.  However, as 
far as solar irradiation is concerned, reflected radiation from 
the earth and other celestial bodies make space possess a certain 
ambient temperature.  Added to the influences of various types of 
electromagnetic radiation and particle radiation, targets are put 
in the middle of a strong radiation background.  Background 
radiation and signal radiation enter detection devices at the 
same time.  Moreover, general background radiation is much 
stronger than signal radiation.  It is then necessary to detect 
weak targets in strong backgrounds.  Option is made for the use 
of a number of technologies capable of taking mean values for 
background radiation and filtering them out.  However, there is 
still no way to eliminate the ups and downs m the mean values of 
background radiation photon densities.  After background 
radiation fluctuations enter detection devices, they form 
background radiation fluctuation noise.  Detection devices~m 
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and of themselves—have various kinds of noise.  It is necessary 
to think of ways to lower noise associated with detection devices 
themselves, making detection device detection limits finally be 
set by background radiation fluctuation noise.  When background 
fluctuation noise is just equal to signal, it then reaches 
background radiation fluctuation noise limits.  At this time, the 
detection rates detection devices possess are designated 
backqround radiation limit detection rates. 

The sources of noise in infrared detection systems have 
three parts—photon noise given rise to by signal and background 
radiation, noise produced by detection devices themselves, and 
noisein electric circuits after detection devices.  Due to 
?andomnesI reached by radiation quanta, it goes without saying 
tSaf sianJl o? bSckgLund radiation both have rising and falling 
, ?L gS?th reaard to background radiation limited detection 
devices  if background photon flux is reduced detection rates 
wTTt increase  The specific method of doing this is to opt for 
the^e^fc oiing apLture^.tio». on^pScaf rSer 
aperture angles, °r *^ "5""££°rS° inhibiting as much as 

noise, 1/f noise, tempei.ai.uj.        nnise iB  aiven  rise to by 

ssssis -irtuatiir SAL f-r-USST" 
at low temperatures, these ^o types of noise ^ 
Schottky noise is 9^en r"e to by ^i?iSg Sptrture angles or 
photoelectron production. J^^5^1^1^^^^ to reduce this 
installing, light filter devices  it is V™* great at low 
type of noise  ^ ^fluences       operating frequencies 
frequencies.  Making detection t>y reduce this type of noise, 
greater than ,1000Hz  it: «»poBB^to^^^     *?fle8.  Making 
Vibration noise is 9jven rxse to öe^vi        actf it is 
detection device lead l"e« a£* noise  Production of a composite 
possible to reduce this kind °* aoise. ± h current 
noise is given rise to by fluet^ions aasociat        ^proving 
carrying secondary Pr°du^^^er^t^C3

Pl?aising technical /464 
semiconductor Serial^   f/e    ^ ^ce'operating 
working quality, and ^f^.üetecri ^^ 
temperatures, it is possible to reduce tni devices 
Outside of China, various types of ^"^und radiation limits, 
have already aPProached ^^^^f ape?ture angles or adding 
Through such ^asur!^aS.^f^s?gie to raise detection 
optical filter devices, it ls.Pos^°^.^1 circuits after 
efficiencies further.  Nolse. inH!j!^^

a
are similar.  Opting for detection devices and noise in detection are «££      Pith

y 

the use of low noise P^P^^s  and in £     1 tQ resolve 
that, operating at low temperatures, it i* y 
this problem. 
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itttl^/ripllion  strengtL  Due to deep space background 

temperatures being only ar°und^' ^tion devices can increase 
^vera^Ä ^^ven^S fevefal°Su   f o^es-an, 

^-ge detection ofB^%W*l£*>  ysSs outsit China 
present time, background limited ?JJ?^ion y e 
111  opt for the use of |°^ wave infrared imagery^^^ P^ 

array technology.  Focal P^f *^a^fted detection devices, wave infrared background radiation imiteü        ^ aiso 
Besides that, ^elevent signal processsing & 

included.  Although, at the present time  t  al£eady a gradual 
«i-riictures have many kinds of forms, tnere 
^plication of optimum Z plane technology. 

5W 

.2L 
"j'iä^^gJ 65K flWEi^jgQ 

T.Hires Associated with Refrigeration 
Key  (1)  Main Performance Ind^s Associ        ± 
Devices  (2)  amount of Refrigeration   (3) ^P^ 
temperature  (4) .Electric P^er Inpute    ^.^ tQ      th 

^^litdd^7S6)MinSumP?empera?u0re1 (8)  Operating Time Period 
SsocSted'witfSe^ing Minimum Temperature 

In order to reduce various ^^^^i^i^ed'detSction background -diation in background radiation li .^.^ 

systems, long wave infra^ ^^xlfiers, and so on, as well as 
such circuits as low ^P^i"'^ ^ temperatures. There 
optical subsystems must al operate xn 1^ ^  Uguid nitrogen 
is a need to opt for tne u      le__making use of Joule 
refrigeration devices; ^ jxamp  devices or Sitelm (P^netic) 
Tangmulin (phonetic) refriger*£f aU cases      ±  below 
refrigeration devices--itis P°*™efrigeration devices have 
80K. 9m these, -^edC^ethi?d generation.  Moreover, they 
already developed in to tne tni  y 
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have already developed from an integrated type structure to a 
dispersed type structure, that is, taking infrared detection 
device refrigeration fingers and accompanying compressor 
v orations and separating them.  Through 20 years of efforts, the 
Latch Phillips company and the U.S. Hughes company have 
successfully developed Sitelin (phonetic) refrigeration devices 
with long life, low vibration, and electromagnetic drive.  In 
particular, it is the electromagnetic drive magnetic suspension 
Sitelin (phonetic) refrigeration devices developed by the 
Phillips company which overcome the two fatal drawbacks of 
vibration and life associated with the old generation of 
integrated type Sitelin (phonetic) refrigeration devices, turning 
them into the refrigeration devices with the best prospects in 
infrared space systems.  The primary performance indices are seen 
in Table 1.  Besides this, the U.S. and the U.K. have also 
carried out far reaching research on the use of separated 
position type Sitelin (phonetic) refrigeration devices in 
tellurium cadmium mercury infrared detection devices at 77K. 

Fig.3 U.K. Developed Dual Drive Sitelin (phonetic) Refrigeration 

Device 

TT-V   fii  linear Adjustable Differential Transformer  (2) 
Kectric Motor Unit(3)  Cold Finger (4)  Piston  (5)  Electric 
Motor Unit  (6)  Compressor 

13 



In this, the U.K. in particular has ingeniously developed dual 
drive separate position type Sitelin (phonetic) refrigeration/4 65 
devices (see Fig.3).  The outside diameters of the cold fingers 
of the refrigeration devices in question are determined by 
infrared detection devices.  The dimension is 6.7mm.  It is 
Possible to directly squeeze it into a glass Duwa (phonetic) 
bottle! The refrigeration device operating life exceeds 4000h 
Dome.  f"e     «      10 vears„  It possesses very good helium 
=eal°characteristies  The°lSSge ratePfor the system, as a whole 
seal characteristic*. pasL/s.  The refrigeration device 
will be smaller than 6-67|10 5 P^/s. y ^ smaller 
power source is 220V, 400Hz, 3  pnase.    j  ^      exhaust 
than 80VÄ.  The compressor PJ^on stroke « frequency is 
device stroke is only 4mm.  The exüausr ae concerned— 
52HZ.  As far as position *«™ ~Jg°J sigSal^ are sent out in 
from two displacement senso^-;P°^-J-^ns of compressor pistons 

s^usT^T ^Ä-^^'b- -tt/r than O.Xm,. 

ZV   LONG WAVE INFRARED FOCAL PLANE ARRAY TECHNOLOGY [13.17] 

Long wave infrared focal plane «g-^^rälSSS wive 
parts.  One part is the "^angular array cp detection 
infrared detection devices acting as cop       circuits related 
assemblies.  The other part is signal p^    ^ ^ Q£ Bt  ?ture, 

to detection eiementS; • J^sertion and mixed.  Single section 
there are two types--single sectio       ^    proceSsing 
models take infrared de^c^°n ^ piece of substrate.  Mixed 
circuits and make them on the |™P£aterials to respectively 
models opt for the use o^f^ ™ and signal processing 
manufacture Jnfra"d.de^X°re taken and connected together, 
circuits.  After that, theY a^Jft advanced method for 

At the present time, the most ?a™n° ecision focal plane 
manufacturing.single section model high pre    infrared 
arrays is silicon Schottky P0^*^1 °  ted are determined by 
radiation wave lengthsh^

1Ch
Se?ectinq appropriate metals, it is 

potential barrier Rights.  Selecting PPP ^ infrared 
t-h^n nossible to make Si-SBD respoiiu      * scale integrated 
ration,  aapan-.s Mitsubishi company large ecal^ ^Jf^ 
circuit research "Bt^ute has already        they    a   dy 
focal plane arrays.  In con^u^lon

The „ s. Lincoln laboratory 
used in  satellite remote ^^eSalneerlng" academy have cooperated 
and the Marshall ^C1f ^R^8

e^^nt a?rays.  Cut off wave 
in the development of 128x128 eJ^£ ture| are 50K.  A striking 
Sngths reach 10/«a.  Opera ting tempera tur es   extremely good 
advantage of Si-SBD focal P"^ ^rays r   capable of reaching 
uniformity of focal plane response.  i      ^    irements to 
0„3%S2%.  This very, very ^eat^y^ower  y^^ plane elements, 
compensate for ^onuniform response oe       Q± itude lower 
A drawback is that se^^tes axe an        ^    ^ it 
than other detection devices.  By r  se^tivity.  in terms of 
possible to improve Si-SBD degree 
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manufacturing technology, option is made for the use of extremely 
thin metal electrode structures, taking metal films and thinning 
them down from 80m)um to 10m/xm.  Again, coordinating with light 
cavity structures, it is then possible to make detection device 
sensitivities increase between ten and twenty fold. 

Response wave lengths for photoelectric conductance of 
various types of silicon impurities can stretch to 28/im. 
Therefore, speaking in terms of principles, it is possible to 
make single section silicon infrared focal plane arrays—that is, 
non characteristic silicon focal plane arrays.  Acting as one 
oart of NASA's astronavigational technology development plan, the 
Hughes company's Si: Ca58x62 element array optical response range 
is 4 ■ 18um.  Operating temperature is 8K.  Noise equivalent 
power is 2.0x10-37WH1/2 .  Santa Barbara research.center s SxsSb 
58x62 element array optical response wave length is 15 ■ 3l£n. 

P^ov^i;aiTcheefRfects ••^^^^iriiSSSy KSt^lBlB, 
forward background eradiation type barrier i p^ ^     ^ 
focal plane arrays.  This type or ar£ *     characteristics are 
non characteristic silicon arrays  **?P°cJ2ristics are better, 
more uniform.  Anti 9?™V? X^SY sSace technology center 
The Rockwell company is what the Ü.S. space Sloped a 50x10 

Yemen? Si" Astray?' ^StiSg^ve^e^iB lO^.m. 
SpSSng^em^eature is ?2K.  The-detection rate is 
6.7xl012cmHzl/2W-l . 

Although the performance of non char-teristlc silicon 

te^rL^ere  STneeoU£f ^celce   .     I» 
characteristic semiconductor infrared detection   restricted 
general, the width of characterjBtxc ~^^   ave   sponses. 

ITl^Te  atamonTghco-onl? -eYd characteristic semiconductors, 

inSb restricted zone widths a«.the -^ estHow^°°?nfrared 
temperature, they are 0." e^tron vo ^^     Going 
radiation wave lengths they respono w o *       people /466 
through a long period of e*P^ation a^d resea Sse of Hgl-xCdxTe 
discovered that it was possible to opt «| «   tion dSvices. 
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The U.K's Mullard Ltd. and the Royal radar signal research center 
has already test manufactured 32x32 element and 64x64 element 
long wave arrays»  The 64x64 element long wave array test 
manufactured by the Honeywell company for the U.S. "star wars" 
oroiect will be used in space based interception systems.  In 
1990  I.M. Baker and others had already developed 8 ■ 12 /an wave 
band 128x128 element photovoltaic HgCdTe-Si mixed type focal 
pESe arrays.  Through making use of such advanced semiconductor 
manufacturing techniques as molecular beam extension (MBE), it is 
possible to make the surface areas of single section HgCdTe 
arravs qet bigger and bigger.  The U.S. Defense Department 
advanced Research Planning Agency and the Strategic Defense 
initiative Office (SDIO) view this very seriously, already 
Investing several hundred million U.S. dollars to use in research 

aSSOCof ?nfraredHfocaei |°lan. Abides Section element 

array^tne fare also^^^^^^B^^^^^ ^ 
detection elements.  Different signal PJ"1-   Resent time, 
different methods in reading -^ls  At the present tim ^^ 
frequent use is made of the fo^.^es°i r (CCD?.  Due to the 
(I)4 Utilization of charge couplingd«£^°t<^A      it is 
great maturity of ?^^   H^SoJiSn device arrays and silicon CCD possible to take silicon flection device a  y Qf 
and make them on one crystal section^ **xng ^ ^^ 
Schottky P°tential barrier diodes gotovol     ^ ^ posgible 
oxide-semiconductor (MOS) devices^ in      devices.  CCD are one 
for them to act as Ph°t°electric conve ^ ^^ and 
tvpe of device which use charge in°^°t '  takina photoelectric 
tSnsmit information.  They a^e cap-ab^e oj takrng signals that 
space changes and.converting them into electric^ ^g ^ ^^ 
change as a function °f tim^ ^out xs utilization 

and is not random.  There are tran      arrays, MOS devices not 
of MOS devices.  In single section model arr y , 
only play photoelectric conversion roles, theyjl jp^y ^^ 
readout switch and x,y ^dressing roles. conversion devices to 
primary use is made of ^multiple cir     searches.  The 
Set as switches and to carry °^ *;Y ° are that dyxiamic ranges 
advantages of making use of MOS devices a  storage and access are 
are large, ^^kls ?St nSise is heavy.  (3)  Utilization 
possible.  The drawback is that noise i     y element 
of two metal-insulator-semico-nductors (^- * ag 
makes use of two mutually coupled MIS structur ^.^  Qn th 
photoelectric conversion  storage ana forming potential 

grids of MIS devices P^8« ™£*g*? electrical charges.  Signals 
Sells associated with the forage or ^  ^^ be 
can advance directly from the back cover^^y     BBeBf there 
random.  Due to the lack ot "gn*J£iii tion of single MIS 
are no transfer problems   (4)  "tilizati        ^ element on y 

£S; ^^"^t^^HH^ JE SÄE sa 
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ScuXs  SlSctrical charge capacities are very large. 

V.  Z PLANE TECHNOLOGY [18«20] 

what is called Z plane technology is nothing else than 
taking infrlred focji plane array and -lated^signal^    _ 
nrocessing circuits and making tnem J.IIU t  outstanding 
llTle.     ?n i^^-tn^frangf^narger^rSction.  Apparent 
problems—that is, dynamic range an    y      targets and 
?nfrared strength changes *«°J^rS ordlrs of magnitude, 
backgrounds can sometimes reach sever processing 
This then requires ^f^'ial strengthening, static 
circuits to possess high ^"f^/^oreover, following along 
and noise suppression capabilities,  wor cirCuits must 
with increases in FPA *en^ie^ jxgnal pr      ^.^ 
SSdle amounts of information -ll-te^ ^^ ways to 

SSSSc^bSK'd^ioÄ1 S^iir^r^a-aOB project manufactur       1970"s, the U.S.Air *«        h on z plane 
S 5 JhS Rockwell company m be?inI}^ga^ astronavigation supported the Rockwei    gruimnan aviation *

nf *!"ated circuits 
technology.  in 1978 t ssing mixed xntegratea     hed 
company manu^^es  Detection devices were takena t 

°n rh
reTdae of each mixed integrated circuit;£*£.£ ^^ 

°LsÜre:efts0fand. adjustments wer.^• J%£  Sire piled up to 
integrated circuits carrying de    ^     g     f  ^^

ple
witn 

oi^ruit section was taken nu possible to take  ' 

15S5S5 äs^sr^tjsÄ«^ r.ssJS - ~d 

Sä%Ä! J3SSU — — 
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Fig.4  Z Plane Modules and Focal Plane Arrays 

Key:  (1)  Back Surface Wiring  (2)  Lead In Plate  (3)  128x128 
Detection Device Array 
(4)  128 Identical Integrated Circuxts  (5)  Ceraminc 
installation Base  (6)  Module After Installation  (7)  Module 
Control Circuit Plate  (8)  Focal Plane Array (6x6 Modules) 

processing channel for each image element in FPA.  The concrete 
Sav of doinq this is to make multiple identical parallel signal 
pSceLing channels on a single silicon integrated circuit chip. 
?f?pr that take many of the same kind of single circuit chips 
and superimpose ther/to form a component.  Then, take an FPA and 

18 



connect it up to the side of this component, forming a module. 
The Martin Marietta space flight group space systems company also 
opts for the use of HYMOSS technology.  Fig.4 shows that the 
company in question uses a 128x128 element detection device array 
and 128 section signal processing integrated circuits havxng 128 
identical channels.  Fig.5 shows a situation where each channel 
includes transimpedance amplifiers (TIA), adaptive band pass 
filters (ABPF), threshold comparators (TC), integrators (INT), 
track and hold devices (T/H), and incident indication generators 
(EFG).  Finally, signals are read out to external module control 
circuits (MCE)  A schematic for a typical Z plane technology FPA 
^oSnli and electronics manufactured by the Irvine sensor company 
TB  seen in ?ig!t  In various types of microassembly technologies 
ior military use, HYMOSS techniques are already known for seal 

°i"1?he-Sst
hofievelopi:g

Pf^ni2S28 element arrays to 256,256 

eleme;n thTaJea of HYMOSS technology, the Irvine sensor company 
i. far? far in the lead drawing attentron fro^the^S.^r^ 

Seeds egui-ped SSTSSSS'-Ä. to carry ^*n»ic fixed vrew 
test! gitV discovered that they are capable of increasing 
missile acquisition range, rncreasrng ^nsor a s    ssio= 
capacity,.have extremely gooo^orse a„ and convenient for test 
capabilities, arestructural l£ S™P^ technoiogy is already 
Saturranfnas dSded^TusVit in air to air missiles. 

VI.  CONCLUDING REMARKS [21,22] 

i.u „Q,r 0T-a of qnace fliqht for mankind. The 21st century is the new era of «Pf^J1^ each other to 
Technologically developed natlon* ^"^Jc* other to become 
develop Space enterprises, competing/jf t^

C^e°^rces of space, 
the great powers of sP^^/^ake of tn      ^ systems. 
They will not only continue to develop P weapons. 

S3Ä thirSon d SÄ int of er space, 
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-/V\/MD—* 

<2* 

•    ■<.«!   Circuitry Used in Each Detection 
Fig„5    Analog and Digital  Circuitry 

Channel ... ,9x     Open-High  Speed 
/IN     Transimpedance Amplifier     ^;       Lnd Pass Filter     (4) 

SU. ^Ihof Slosld-I-gery XShol^ ^lufco^parator     («) 

Ätr-rs^ -Sr^, -HV-1^-   «»> 
Event  indication     (15) 
Line 
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believe that long wave infrared homing terminal guidance 
technology is the foundation for space weapons.  The key 
components of long wave infrared imagery homing terminal glance 
»Si?™«! are lona wave infrared focal plane arrays.  A number of 
Seat nations hive gathered together a large group of outstanding 
Scientific and technical talents, doing research on and 
Sloping infrared focal £-; "technology.  This   device 

technology primarily lnclu^s.i°?9 "^  In "der to guarantee 
arrays and signal P^^f^alizing oHiniaturization, optical 

^ructuref infrelrigeratiofegui men;^^J^^^ 

M. Toni w^^aVed^tecti^n "deuces Realize background 
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CD 
45^fg&ig5fc *.t:#i£ 

r 

U*>' 

K   ^ for One Z Plane Technology FPA Module and 
Fci?cuitsCMeanufaCctu°red0SJ the Irvine Company 

Key (1) 
Each Module Requires Multiple Chip Lead Line Plates 

and 128 Individual installation Base  (3)  Back 
integrated Circuit Chips  (2)  ^8£££r^d circuit Chip Layers Surrace Wiring  (4)  Superjjpoaed^ntegrate Qutside Module  (7) 
(5)  inlay Wegetertxo^Devxce Arrant jg)  crossover 
inside Module  (8)  Alignment        output Register  (11) 
Multichannel Modulator  (10) ^f^    gatum signal  (13)  Gain 
Stable image Integration f^f^i^ (14)  Gain Control  (15) 
and Compensation _ Control Logic C^cui ^ —-.- „ 4.wl  ,17)  Transimpedance Amplitier 

(16)  6ain_Control_i(17]»^Trai ^^^  (20) 
(18) 

Signal  (16)  Gain#VS?
Ui^aioa/Diqital Convertor Band Pass Filter  (19)  Analog/Digit^^ ^^ 

Compensation Control  (21) 
Use integrated Circuits 

og/uigj-i-«"- —"~  • . '  (22)  Common Output Storage Register  i^j 
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/469 
radiation limited operation.  This is the most basic and also the 
most important operation.  Besides this, it is necessary to 
realiseintelligent tracking.  This is the basic way to raise 
kill probabilities. 

been achieved.  Even more ^tant is that^ g.chPexperience  d 

cadre have been developed. Jhese peopi       ure.  They should 
extensive knowledge.  They J^*1^ research work associated 
be allowed to return ^cessive^v ^ res      ^ ^.^ 

with space combat ^^^XleSq^and talent into play, and 

gäss'nfi^p^ioSr^1-'giving posterity to our 
ente
TiS^though-besides infrared -rminal guidance there^are^ 

also many types of guidance methods sue*   moreover, composite 
as well as millimeter wave a;doon  str4ngths and avoiding 
guidance is capable of caP-£alizidirection of development--on 
shortcomings, and ^a» f^Sion^" however, our department 
the basis of our national sitnation n   materiel to do long 
should concentrate P^^/^rengt-.  This type of system is 
wave infrared homing guidance gstem Q±  future 
capable of adapting to the b«" "q ,   lay a firm foundation 
Sarfare.  At the same time  it will also Jay^ composite guidance 
for going a step further^° °P^°esses rich experience in technologies.  Our department possesses ri^ with 
management and ?«ctical J^aalizat ^ syst     There is an 
development of infrared ^ermi"  y     are very strong 
enormoSs research contingent  and t£er      cQurse/ infrared 
development and Produc^°» ^abiliti  guidance is a high 
imagery search, trac*inf' £*dJ^st modern optical, mechanical, 
technology.  It involves the newes^° £0 set out from the 
and electrical techniques  It is f^J  coordinating the 
requirements of overall systOTp    various subsystems, to put 
technical parameters associated witn   realisticaliy feasible. 
forward technical requirements that ar domestically, 
With the coordination °f ^elevent un ^        ^ areaS/ 
breakthroughs will be made °*e "*   d world levels. 
catching up to and surpassing advanced *      ion to the Academy 

3.  our department must      Jj inst?tutes of general 
of Sciences and the relevent r     overComing the key 
electronics comPanie*'/;£th long wave infrared Joule plane technologies associated with long 
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arrays.  Strength should be concentrated on doing long wave 
tellurium cadmium mercury background radiation limited detection 
devices.  Being limited to the semiconductor industry level 
currently existing in China, we opt for the use of detection 
element embedding technology and Z plane technology, developing 
mixed model long wave tellurium cadmium mercury infrared focal 
plane arrays as being comparatively appropirate—not only easy to 
realize but also capable of matching up with the requirements of 
space homing terminal guidance systems.      _      _ 

4  As far as studies on long wave tellurium cadmium mercury 
detection devices is concerned, it is necessary to put work into 
materials research.  Due to high mercury vapor pressures and easy 
caoSum liquation, it is difficult to make crystals which have 

if ah TetiTo S^S'rSLJ^^^IS^i-in  -ST 
tLLo^o^areas L -»äriSo^S^S^-^!/^-"  "■ metallic organic chajc^    depositxoiM ^ thin 

SS'SESJwä rllÄyVarge  surface areas  and uniform 

^development directions n^^tl^^«^^ 
weapons  should require detection  systemswnicnp wave  lengths, 
larger  focal plane ^^f'^f'^lssing functions,   even higher 
^^r^^c^l^^ even \o        =r coition. 

afels^s^^ 
ci??ui?s.  in the laboratory, high speed wide band 
Superconducting detection devices  high sensitxvxty ^ 
preamplifiers, and high speed J/D converters n      conductor 
?he present time, option «made for the use or  p     ^^ ^ 
Niobium (Nb).  0Perating temperature  ?emPerature is 8K.  We 
the use of niobium nitride, operating tempera        essed by 
should know about the advantages °^ «m^eJ°^uctlng circuits, superconducting detection devices and supercond    g^ .nherent 
the extremely low powers  the very high  f^  £hina-s dominance 
counter radiation capabilities making use °*      work in this 
in the field of superconduction researcn to u    v 

area. „^...IJ nnql!pSS their own survival 6.  Space warfare weapons should P?^ess ^n    is they 

capabilites" and angnoean.BC^^^^^^^IIL 

^enti?ic^Ion:nreSSe0^^^^^%^^^s  o, 
guidance, as ^11 as capabilities to attack_        ver and 
targets along with the ability when neeo.       on missiles 
evade.  This then_requires that ^puters     connected thought, 
possess capabilities a"°"^^fta?ge? changes and changes in 
inference, as well as adaptation to targ^al intelligence. 
the space environment-that is, Possess     computer software 
China has dominant positions «^he areas      * ^  ^^ ^  & 

engineering and artificial jf J^ence.^ ^   dually realize 
detemination to do it.  it is tuen y 
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a conversion of space combat weapon homing gnidance to ^ 
intelligence. 
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